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Non-mathematical step-by-step description of the operation of the Eccles- Jordan trigger 
circuit, with practical suggestions for making the circuit distinguish between positive and 

negative pulses, and other helpful design data 
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THIS PAPER is an attempt to give 
a graphical analysis of dual- 
triode trigger operation. It is 
hoped that it will clear up several 
points that apparently have not 
been too well understood, in par- 
ticular the very vital function of 
the grid-to-plate capacitor (C, in 
attached sketches) and the ability 
of the Eccles-Jordan type of triode 



trigger circuit to distinguish be- 
tween positive and negative pulses 
if properly designed. 

The dual-triode trigger de- 
scribed here 'is a device using two 
triode tubes so interconnected that 
one tube ia normally conducting 
while the other is non-conducting. 
A suitable impulse applied at the 
proper points causes the first tube 



to become non-conducting and the 
other to conduct. A second impulse 
restores the original condition. 
This cycle may be repeated at will 
at aTiy speed from zero up to speed:^ 
in the low radio-frequency rantje 
or even higher, depending on thi' 
circuit constants used. 

The trigger may be used as a 
locking circuit, somewhat as a' 
gaseous tube is used. Where it is* 
so used, the circuit may be turned 
off as fast as it can be turned on. 
and very little energy is re<iuired 
to make it perform either function. 
Since two impulses are required to 
provide a complete trigger cycle, 
ie., to turn any one tube on and 
then off, the trigger can also be 
arranged to give one output im- 
pulse for every two input impulses 
and thus act as a frequency divider. 

••sic PrincipU 

Figure 1 shows the basic Eccles- 
Jordan trigger circuit. The two 
triodes T, Jind T, are so connected 
that the plate of each controls the 
grid of the other in such a manner 
that only one tube can conduct (on) 
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FIG. 2— AMumiag tbot both tubos or* Ini- 
tially a«i-coadnctln9. appUcatlea of Tolt- 
ago to tho rosistor ootwork aako* &• ^id 
of r. poa^tiTo witb rospoct to its comedo 
and this tubs conducts 
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FIG. 3— Whon tub* T, It conducting, tub* 
Ti is a*«at.T*l7 bias*d and doos net con- 
duct. Tho piato of tubo T, drops to -|- 40 
▼etlB and point A is h*ld at that pot*ntlal 
during this part oi th* op*ratln9 cycl* 



FIG. 4— Th* u*o of two rosistor aotwoAs 
•naU** tub* f I to control tubo f* in a 
arannor siaUkir th* way in whSch 7> oe» 
trob Ti in Fiq. 3. Voltagos shown horo or* 
thos* applying wh*a ft Is 
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FIG. 5 — Coupliav capaclton C« prorld* a 
maoBs oi tomperarily blasinq bolk gri fc 
to9*th*r. This circuit U. how*T«r, fawflP* 
abl* oi rcTvrting on th« dppUccrtloB ol ■■ 
impuU* to both ^rlds. Voltog** lndlcart*d 
without par«nlh«MM or* tho«« opplylav 
with f, conductlnq but with awHch S ep — . 
Voltag*! in par*nth«s*i or* tho*« opplif' 
ing at th« Instant switch S Is do««d 



at a time. The component values 
sliown are merely illustrative and 
ar.e u-<ed to simplify the analysis. 
However, these values will make a 
sat i.< factory trigger for relatively 
slow-speed operation. 

The tubes used are 6J5's or 
nuivaleut and may be considered 
essentially as switches. When the 
^Mid of a 6J3 is at the same poten- 
tial as its cathode the tube is con- 
ducting, just like a closed switch 
except that there is in the circuit 
illustrated a 40-volt drop between 
plate and cathode. When the grid 
is made negative with respect to 
its cathode by 8 volts or more, the 
tube IS non-conducting and re- 
sembles an open switch in that no 
current can flow between plate and 
cathode. 

Figure 2 shows more clearly- how 
tube T, can control tube T,. With 
both tubes arbitrarily rendered 
non-conducting, the voltage at the 
grid of T, is determined by the re- 
sistor network shown between the 
-^150-volt line and the -100- volt 
line. By Kirchhoff's law, the grid 
of T, may be calculated to be 19- 
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FIG. 6 — Ccdculatsd grid-Toltaq* riss after 
switch S oi Fl«. 5 is dosad. ObTieusly. 
ths grid of tub* T, will b« the first to rsoch 
ths -- S-Tolt tins, so thert T, turns en first 
whsB on ialtiatlBg puis* «rrlT»s 
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FIG. 7 — Addition of capacitors C, os shown hors to th« circuit ol Fig. S 
possib!* ths dssired rsTsrsing triggor oetloB. Voltagos ars thos* opplTlav 

with Ti conducting 



volts positive with respect to its 
cathode, thus turning T, on. (Actu- 
ally, sufficient grid current will 
normally flow in T, to hold its grid 
down to approximately cathode 
potential). 

When tube T, is made conducting 
'A^ shown in Figt 3, its plate will 
drop to, +40 volts and point ^4 will 
be held at that potential. Again 
applying Kirchhoff's law, we find 
that the grid of T, is now 30-volts 
negative with respect to its cathode 
and that T, is thus held non-con- 
ducting by T,. Connecting the grid 
of r, to the plate of T, with a simi- 
lar network as shown in Fig. 4. 
will enable T, to control T, in 
the same manner, and we 
have the desired condition in which 
(»nly one tube can be on at a time. 

Circait D*tailt 

Figure 5 shows a means of tem- 
porarily biasing-off both grids to- 
gether through coupling capacitors 
(',. Although this circuit has some- 
times been shown as the basic 
Eccles-Jordan trigger circuit, it is 
fundamentally incapable of revers- 
ing on application of an impulse to 



both grids. The voltage values 
shown without parentheses are 
those existing with T, conducting 
and switch S open. Those in par- 
entheses are the instantaneous 
values obtained when switch S is 
closed, delivering a 20-volt nega- 
tive impulse to the grids through 
capacitors C. This 20-volt nega- 
tive impulse will render both tubes 
non-conducting. Both grids will 
immediately start to rise to the re- 
sistance-network-limited value of 
+ ID volts, the rate of rise being 
determined by the time constant 
of the resistor network and the C, 
combination. Since these are the 
same for each tube, the time con- 
stant will be the same for both 
grids. 

The rise of voltage on both grids 
will be as shown in Fig. 6. Obvi- 
(iusly the grid of 7, will be the first 
to reach the 8-volt line, which 
means that T, will be turned on 
first and will hold T, off as before. 
In other words, the trigger has not 
been reversed. Likewise, a posi- 
tive pulse will not reverse the trig- 
ger since any effect it might have 
on the non-conducting tube will be 
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FIG. 8 A 20-Toh ncqatiT* impuU« applied to th« circuit of Fig. 7 by closinq 
•witch S. as ihown her*, drops instantaneous resistor-network potentials 30 volts 
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FIG. 9 — li both tubes are held non-conductlnq by some external means, ▼oltaqes 
shown in Flq. I will rise to these Tolues soon after switch S is doeed 



oflfaet by a stronger effect on the 
conducting tube. 

It is the addition of the plate-to- 
grid capacitors C, that makes pos- 
sible the desired reversing trigger 
action. Figure 7 shows the addi- 
tion of such capacitors to Fig. 5 
and the steady-state voltages that 
exist with T, conducting. A 20-volt 
negative impulse provided by clos- 
ing switch S will instantly drop all 
network voltages by 20 volts, as 
shown in Fig. 8. For simplifica- 
tion, assume that plate-to-grid 
capacitors C, are so large in com- 
parison tfi coupling capacitors C, 
that there will be no change of volt- 
age across them in the time re- 
quired for the smaller coupling- 
capacitors to reach a steady-state 
condition. Assuming that the 
tubes are held non-conducting by 
some external means, the voltages 
in Fig. 8 will soon change to those 
in Fig. 9, with the coupling capaci- 
tors C. in equilibrium. The rise 
of voltage of the grids will be as 
shown in Fig. 10. 

While these curves might be ac- 
curately calculated, they were actu- 



ally obtained by plotting an t^ curve 
betweeti the known limits of grid 
voltage. Because of the much 
greater voltage-swing on T„ caused 
by the relatively low voltage exist- 
ing on the grid-to-plate coupling 
capacitor C, between it and the 
plate of T„ we see that the grid of 
T, (which has been non-conducting) 
is the first to reach the conducting 
point of —8 volts. Thus T, becomes 
conducting and blocks oflf T, and 
the trigger is reversed. The addi- 
tion of the plate-to-grid capacitors 
C, has produced the desired trigger 
action and the trigger will now re- 
verse itself every time the grids 
are given a negative impulse. 

In drawing Fig. 10, it was as- 
sumed that the grid-to-plate capaci- 
tors C, were much larger than the 
grid capacitors C. That this as- 
sumption does not alter the general 
shape of the curves of grid voltage 
rise is best shown in Fig. 11, which 
is a sketch of the grid-voltage rise 
in an actual trigger circuit (as 
shown in Fig. 1 with C, = 2 C.) 
as viewed on a large cathode-ray 
oscilloscope. ^ 



Originally tube T, is conducting 
and T, is held non-<.'onducting by 
the - 30-vult j)()tenlial on it.s grid 
(voltage as shown in Fig. 7). At 
time T., a 20- volt nfj/ative impulst- 
is applied to l)oth Krids through 
the coupling'' capatitor-- T . Duo to 
internal impedarUM' of the squarr- 
wave ^'enerator UM'd in thi.s iii- 
stariL-e. the ne^'^alive impulse a.** it 
appears at the ^rnds is not (juite 
stinare and at the ^'lids tlie peak 
negative dip is —15 volts. As soon 
as the maximaim ne^'ative potential 
is reached, both grids start t<» rise 
in potential. As in Fig. 10, th** 
grid of T, rises much faster than 
the grid of T, and reaehes the con- 
ducting point first. When T .ntatts 
to conduct, its plate goes down, 
forcing the grid of T, way down 
and holding T, non-conducting. 
After an interval of less than 
0.0001 sec, the charges on all 
capacitors have been equalized and 
the circuit is a-s before, except that 
T, is now conducting instead of T,. 
The dotted lines indicate what the 
rise of the grid voltages might look 
like if the tubes could be held non- 
conducting by some external 
mean.H. 

Figure 12 shows both grid and 
plate-voltage changes for tube T, 
when the trigger (circuit as in Fig. 
1) is triggered or reversed con- 
tinually by a 3000-cycle square- 
wave input. ( The grid-voltage 
curve is the same as those in Fig. 
11.) 

Positive aad Negative Imih*'*** 

So far nothing has been said 
about the ability of this trigger - 
circuit to distinguish between posi- 
tive and negative impulses. 

If a square-wave input is of a low 
enough frequency, the positive rise 
of the square wave will appear to 
the trigger grids as a positive im- 
pulse of a magnitude equal to the 
negative impulse produced by the 
negative shift of the square-wave 
signal. To act as a frequency 
divider, the trigger must respond 
only to the negative shift. This 
it will do if the impulse is kept 
within reasonable limits. For 
example, a 20-volt negative im- 
pulse will cut off the conducting 
tube, enabling the trigger to trans- 
fer; a 20-volt positive impulse will 
not bring the grid of the non-conr 
ducting tube up to the conducting 
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fK)int and thus cannot make the 
tube start to conduct. Its only 
action on the conducting tube is to 
drive the grid slightly- positive. 
Therefore, the trigger will trans- 
fer only Ml a negative impulse or 
voltage shift and the trigger will 
act as a frequency divider on a 
20-volt square-wave input. 

The trigger circuit as shown will 
respond to negative pulses only, as 
long as they remain between the 
limits of 10 to 40 volts. Figure 12 
shows why the trigger is not re- 
versed on a positive pulse which is 
theoretically large enough to bring 
the grid of the non-conducting tube 
up to the conducting point. Notice 
that a point B the grid of the non- 
conducting tube actually appears 
to go negative although the square- 
wave input is shifting positively. 
This is because the positive im- 
pulse acting on the grid of the con- 
ducting tube drives its plate down 
almost 20 volts (point C). 
Through the plate-to-grid capacitor 
C, this dip of the plate of the con- 
ducting tube over-rides the positive 
impulse on the grid of the non-con- 
ducting tube, producing a negative 
dip as shown at B. (Although 
point C, as shown for tube T, is 180 
deg. out of phase wWx point B, 
the corresponding poiiit on the 
plate of T,, if it were shown on Fig. 
12, would be in phase with point B. 

For a positive impulse to turn on 
the non-conducting tube, it must be 
large enough to overcome the 
initial bias plus the negative swing 
produced at the non-conducting 
tube's grid by the voltage dip of 
the conducting tube's plate. The 
dip in the conducting tube's plate 
voltage is in this case caused by 
the same positive impulse acting 
on its own grid. The input limits 
depend on the impedance of the In- 
put circuit. The figures of 10-40 
volts were obtained with a battery 
serving as a very low impedance 
source. With a 20,000-ohm out- 
put impedance of the square-wave 
generator, the input may be varied 
from 10 to over 70 volts at SOOO 
cycles. 

CoapUaf S«v«r«l T r l f f r» 

All that is required to use a trig- 
ger circuit of the tyi>e described 
as a frequency divider is to hold 
the input signal to reasonable 
limits (26 volts =t:15 volts for a 
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low-impedance source). No extra 
tubes or pulse selectors are re- 
quired. 

To couple two triggers together, 
it is only necessary to tap one plate 
resistor of the first trigger at one- 
quarter to one-half its value, 
coupling to the input capacitors of 
the second trigger as- shown in Fig. 
13. Tapping the plate-loa^ re- 
sistor at one-quarter to one-half 
its value serves to furnish a por- 
tion of the output of the first trig- 
ger within the required limits for 
operation of the second trigger. 
Thus we have a simple straightfor- 
ward trigger circuit which is 
capable of distinguishing between 
positive and negative pulses with- 
out additional tubes. Such trig- 
gers when properly designed are 
stable, dependable, and independent 
of any reasonable voltage-supply 
variation (=t:20 percent variation 
in either bias or plate supply, more 
if both vary together). 

As many triggers as desired 
may be coupled together by the^ 
methods outlined above to obtain 
any desired frequency reduction, 
the frequency being reduced by a 
factor of two for each trigger used. 
Such a frequency divider may be 
used in many ways, in combination 
with a mechanical counter for 
counting high-speed pulses far 
above the speed of the mechanical 
counter alone, in high-«peed calcu- 
lating, etc. A combination of a 
trigger and a power tube» where 
the trigger controls the power tube, 
may be used in place of a thyra- 
tron with the advantage that it 
may be turned off as easily as it is 
turned on. The triggers alone or 
in combination may also be used 
as electronic storage devices, since 
they are perfectly stable in either 
position. 




FIG. 10— Colculo1«d grld-Toltaq* rlM « 

circuit ToltagcB change from Iboa* ahown 

in Fig. 8 to thos* shown in Fig. 9 







FIG. II — Actual grid-Tollag* ris* in lh« cir- 
cuit ot Fig. 1, am vl«w»d on a caU m d* «a y 
o«cilloscop« 




FIG. 12 — Ovvroll trigg«r circuit op«ratioii. 
as skctehod from a ca1hod«-raY oscilkwoop* 
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FIG. 19 — IfaAod oi oovpVtaq two ot omt* diuil-lrlod* trlggM circuit* 
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